Background {#Sec1}
==========

In December 2019, an outbreak of pneumonia was reported in Wuhan, Hubei Province, China, whose cause was subsequently linked to a previously unknown virus named severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). In many cases, the novel coronavirus disease (COVID-19) causes a series of symptoms including fever, cough, myalgia, and shortness of breath, although in other cases it can be totally asymptomatic. In the most severe forms of infection, the clinical conditions can result in interstitial pneumonia, multi-organ failure, and eventually death (WHO [@CR34]; Mohammadi et al. [@CR25]; Zhang et al. [@CR36]). COVID-19 is primarily transmitted through direct contact with infected subjects by means of droplets and nebulized saliva corpuscles propagated through sneezing and coughing, which are subsequently inhaled (Li et al. [@CR23]). The incubation period ranges from 3 to 14 days, potentially hiding the disease from clinical tests during that period and thus enhancing the risk of spreading it unknowingly (Jin et al. [@CR18]).

Italy was the first European country to report a widespread outbreak of COVID-19 at the end of February 2020. The rapidly evolving situation led the Italian government to take dramatic containment measures. On 9 March 2020, a Decree of the Italian Prime Minister declared a nationwide lockdown meant to reduce the probability of the person-to-person spread of disease linked to social aggregation. The Decree (named "*I stay at home*") includes community-wide containment measures that affect the daily life of population at all levels in an unprecedented way. According to this, people are not allowed to leave their home except for the following proven necessities: going to work, buying food, helping other people with special needs, and receiving medical cares. The violation of the restrictions is sanctioned with a fine. The companies producing non-indispensable goods (51.3% of the total) are forced to close their facilities. It is estimated that 7,784,000 people (33.3% of the total workers) either began to work remotely from their houses or stopped working completely (Italian National Institute of Statistics, March 26th 2020). Most of the public spaces involving gathering of people (e.g., schools, restaurants, shops, hotels) were closed.

In this scenario, the success in arresting the spread of the disease may largely depend on the compliance of people with the strict rules limiting their personal freedom. However, compliance can be influenced by several factors both positively and negatively. For example, compliance could be enhanced by the perceived risk of being infected (or infecting others) while it could be weakened by loss of the usual routine and reduced social and physical contact. In addition, time plays a crucial role given that the duration of restrictions is linked to increased negative psychological effects. In the selected context, the duration of containment measures was unpredictable as it was extended weeks by weeks according to the evolution of contagion, creating a climate of high uncertainty. Thus, to predict the future compliance of people to containment measures, it is fundamental to understand its temporal dimension in relation to other psychological aspects.

Making profitable choices is fundamental for adaptation to the environment at all levels. However, humans tend to prefer immediate but smaller rewards over larger ones in the future, even when waiting would yield greater profits than pursuing immediate feelings (Rosati et al. [@CR28]; Samuelson [@CR29]). This notion, known as *delay discounting* (also *temporal discounting* or *time discounting*), has been extensively studied to explain decision-making processes, not only in the field of economic psychology, using monetary rewards, but also in association with healthy behaviours (Lawless et al. [@CR21]; Odum et al. [@CR27]).

Delay discounting has been proposed as a general psychological phenomenon underlying a wide range of maladaptive behaviours (Amlung et al. [@CR2]; Bickel et al. [@CR7]) such as substance abuse (Barlow et al. [@CR4]), poor health behaviour, unhealthy food consumption (Garza et al. [@CR16]), obesity (Amlung et al. [@CR1]; Barlow et al. [@CR5]), infrequent physical activity, not wearing sunscreen (Daugherty and Brase [@CR15]), texting while driving (Hayashi et al. [@CR17]), pathological gambling (Steward et al. [@CR32]), and risky sexual behaviours (Johnson et al. [@CR19]) and other behaviours (Story et al. [@CR33]).

Moreover, higher rates of discounting based on treatment risks are associated with poor treatment adherence in multiple sclerosis (Bruce et al. [@CR11]) while lower rates are associated with healthy lifestyle behaviours in cancer survivors (Sheffer et al. [@CR30]).

In light of all these considerations, we could model the compliance with containment measures in the context of the current pandemic in Italy using an intertemporal risk-benefit trade-off framework.

Individuals can decide how to behave within a range of possibilities going from the complete avoidance of any unnecessary social contact (thus reducing the probability of infection) to the satisfaction of the need of physical contact that implies violation of the containment measures. While the positive effects of social distancing are potential and only visible in a relatively long (and undefined) term (weeks, months), the gratification of meeting other people would be immediate. It is worth noting that the punishments for violating community containment are not a sufficient deterrent per se, as the high number of fines registered during the first 3 weeks confirm (\> 170,000 between 11 March and 4 April 2020, Interior Ministry).

In this view, several psychological variables could influence the delay discounting rate of compliance with the restrictions, such as anxiety and subjective perceived risk. For example, Jones and Salathé ([@CR20]) showed that self-reported anxiety over the epidemic of virus H1N1 in 2009 mediated the likelihood that people engage in protective behaviours, such the use of protective masks and better hygienic habits. A similar study had found that anxiety was associated with following recommended preventive behaviours after an outbreak of SARS in 2003 (Leung et al. [@CR22]).

Previous studies have shown that perceived risk and anxiety are associated with self-reported compliance with preventive measures during disease outbreaks (Bults et al. [@CR12]; Cava et al. [@CR14]).

A recent study examined the degree of understanding and adhesion of 3452 Italian citizens in relation to the directives of the [Prime](https://context.reverso.net/traduzione/inglese-italiano/the+Prime) Minister's [Decree](https://context.reverso.net/traduzione/inglese-italiano/Decree) "*I stay at home*" using an online survey (Barari et al. [@CR3]). The results showed that the majority of the respondents said they complied with the new regulations. In particular, the elderly reported higher compliance levels than young adults. Also, vulnerable groups reported higher level of anxiety. These data provide useful initial information about the behavioural and psychological impact of containment measures.

Given the important role of community containment measures in the containment of the COVID-19 pandemic and the role of Italy as a precursor in the adoption of these measures, it appears crucial to gain insight into the future trend of compliance to predict the outcomes and to inform subsequent decisions in the management of the emergency.

Consequently, this study aims to explore the future trend of compliance with community containment using an intertemporal choice paradigm, hypothesizing that compliance is time-dependent and susceptible to a delay discounting phenomenon. We also hypothesized that the temporal discounting rate would be associated with the urge to satisfy a number of psychological needs (e.g., meeting friends) and the perceived risk of contracting COVID-19. Finally, we collected data on the level of anxiety and intolerance of uncertainty to see how different groups are impacted by the situation. To our knowledge, this is the first study to explore compliance with containment measures during a pandemic within a delay discounting framework.

A delay discounting curve is hypothesized to describe the compliance with containment measures with lower discount rates for higher hypothetical probability of contracting COVID-19. Relationships among delay discounting and perceived risk, anxiety, intolerance of uncertainty, and psychological needs will be explored.

Please note that the use of the generic term *quarantine* has been avoided to avoid confusion with the forced isolation of confirmed positive or suspected cases of COVID-19. Instead, the terms *containment measures* and *community containment* are used throughout the article to refer to the series of restrictions intended to arrest the spread of the disease (see Wilder-Smith and Freedman [@CR35]).

Methods {#Sec2}
=======

An online survey was developed to explore the prospective self-reported compliance and several potentially linked psychological dimensions. Respondents were recruited through advertising of the survey on two websites and social platforms from 29 March to 4 April 2020. The data collection time window was kept relatively short so that the responses would be consistent and to avoid possible confounding effects due to changes in the current situation. Informed consent was obtained from each participant at the beginning of the survey. Ethics approval was obtained by the Ethics Committee of Sigmund Freud University in accordance with the ethical standards of the Declaration of Helsinki.

Measures {#Sec3}
--------

### Demographics {#FPar1}

Demographic characteristics were collected including gender, age, level of education, annual income, and location (region and city).

### Delay discounting task {#FPar2}

The compliance with containment measures (in particular, staying at home) over time was quantified using a questionnaire inspired by the Medical Decision Making Questionnaire (MDMQ) proposed by Bruce and colleagues ([@CR10]). A series of different scenarios was presented in which people had to rate the acceptability of interrupting the isolation (and consequently resume interrupted daily life activities) using a 5-point Likert scale from "totally unacceptable" to "totally acceptable". Here, the term *isolation* referred to the ban on leaving the house except for the reasons specified by the law. A range of three different levels of hypothetical probability of contracting COVID-19 was presented (10, 50, 90%), and within each level, seven different time points were proposed (0, 7, 14, 30, 60, 90, 180 days from now). The resulting 21 items were presented adapting the following statement: "*Interrupting the isolation in ... days in your area would give you a ...% chance of contracting the COVID-19. How acceptable do you think the decision to terminate the isolation is?*" It is argued that asking for the acceptability of interrupting the isolation would more likely elicit thinking about psychological needs compared to asking directly the degree of compliance.

### Perceived risk {#FPar3}

Perceived risk was assessed by asking the subjects to subjectively predict the likelihood of contracting COVID-19 in their living area at each of the seven above-mentioned time points, using a 4-point Likert scale ranging from 1 (very improbable) to 4 (very probable).

### Psychological needs {#FPar4}

A set of questions concerning five proposed psychological needs that may be no longer satisfied because of the containment measures was presented: meeting the partner, meeting friends, going to work as usual, doing outdoor sports, engaging in recreational activities in public places (bars, restaurants, cinemas, theatres, etc.). For each of the above-mentioned psychological needs, participants were asked to state if they felt the need for it and, if so, to rate its importance. A 5-point Likert scale was used including the following responses: no/not applicable; yes, slightly important; yes, moderately important; yes, very important; yes, extremely important.

*General Anxiety Questionnaire 7* (GAD-7). This is a widely used, validated self-report questionnaire that measures general anxiety disorders (Beard and Björgvinsson [@CR6]; Spitzer et al. [@CR31]). Each item is scored on a 4-point Likert scale from 0 (symptoms not present) to 3 (symptoms present nearly every day) providing a score ranging from 0 to 21. A sum score of ≥ 10 indicates moderate symptoms. The internal consistency of the GAD-7 is very high with a Cronbach's alpha of 0.92 (Spitzer et al. [@CR31]). An Italian translated version of the questionnaire was employed. The Italian version, downloadable on the PHQ Web site (<https://www.phqscreeners.com>), was used.

*Intolerance of Uncertainty Scale, short form* (IUS-12; Carleton et al. [@CR13]). The IUS-12 is a 12-item self-report questionnaire that measures distressing reactions to uncertainty. For each item, participants have to indicate how strongly they agree with a statement (e.g., "I can't stand being taken by surprise") on a 5-point Likert scale ranging from 1 ("Not at all characteristic of me") to 5 ("Entirely characteristic of me"). This scale presents a good internal consistency with a Cronbach's alpha of 0.80 (Bottesi et al. [@CR8]).

Data analysis {#Sec4}
-------------

Several measures of delay discounting have been proposed; the two most commonly used are the k index of the hyperbolic equation (Mazur [@CR24]) and the area under the curve (AUC; Myerson et al. [@CR26]). In the present work the AUC method was employed, which has the advantage of not relying on an a priori mathematical function (e.g., hyperbolic) (Myerson et al. [@CR26]). First, the values obtained on the acceptability of interrupting the isolation were normalized so that they ranged from 0 to 1. Second, to obtain a curve corresponding to the degree of compliance, complementary values were computed by subtracting each value from 1. The following scale representing the acceptability of isolation was therefore obtained: 0 = "totally unacceptable"; 0.25 = "not acceptable"; 0.5 = "neutral"; 0.75 = "acceptable"; 1 = "totally acceptable". Once the values representing the time points are also normalized, it is possible to obtain the degree of compliance for each hypothetical time series (see Fig. [1](#Fig1){ref-type="fig"} for an example). A single compliance index ranging from 0 (minimum compliance) to 1 (maximum compliance) was then obtained through a trapezoidal numerical integration function that computes the AUC (as described by Myerson et al. [@CR26]). The same procedure was repeated for each level of hypothetical risk for each participant. Lower AUC values correspond to steeper discounting rates while higher AUC values correspond to more stable compliance rates over time.Fig. 1Area under the curve (AUC) computed with a trapezoidal numerical integration. Points correspond to the degree of compliance for each of the seven considered times points represented by the vertical dashed lines

The same method was used to compute a single index of perceived risk over time for each respondent. Finally, values of generalized anxiety and intolerance of uncertainty were computed following the scoring procedure of each questionnaire. Statistical analyses were performed using SPSS version 20 (SPSS Inc., Chicago, IL).

Results {#Sec5}
=======

A total of 931 people responded to the survey (60.9% females, *M*~*age*~ = 31.65 years, SD = 11.82, range = 18--76). The geographical distribution of respondents showed that 56.8% live in the two regions with the most reported positive cases (Lombardy and Emilia-Romagna) on the day the survey was launched (see Fig. [2](#Fig2){ref-type="fig"}).Fig. 2Map of respondents to the online survey

The numerosity of respondents for each demographic category is shown in Table [1](#Tab1){ref-type="table"} along with the mean and standard deviation of the AUC of compliance at each level of risk.Table 1Numerosity of respondents and mean and standard deviation of the AUC of compliance for the three hypothetical levels of risk, perceived risk over time, GAD-7, and IUS-12 for each groupVariableTotal number (*N* = 931)AUC - 10% riskAUC - 50% riskAUC - 90% riskPerceived riskGAD-7IUS-12*n (%)MSDMSDMSDMSDMSDMSD*GenderMaleFemale364 (39.1)567 (60.9)0.520.550.280.310.800.800.230.260.890.870.210.250.420.470.220.215.458.103.754.7232.5234.897.759.10Age (years)18--24330 (35.4)0.530.290.800.220.900.190.460.217.884.7135.308.4225--34339 (36.4)0.520.290.810.250.880.230.440.226.954.5434.308.4135--44106 (11.4)0.510.310.810.250.890.230.430.226.204.2931.258.5945+156 (16.8)0.560.280.790.260.850.280.480.246.174.1232.299.21Income per year (€)\< 25,00025,000 - 40,00040,000 - 70,00070,000 - 100,000100,000+not available335 (36)265 (28.5)200 (21.5)70 (7.5)45 (4.8)16 (1.7)0.540.540.510.470.500.560.300.290.290.290.280.310.810.810.800.750.820.750.240.230.240.300.210.260.890.890.890.820.910.800.230.200.220.300.220.310.440.480.430.400.510.520.220.220.210.220.210.237.247.267.055.876.407.384.514.524.574.614.704.7234.2634.2234.5031.2732.4233.389.008.858.038.507.499.21EducationMiddle school or lowerHigh schoolBachelor'sMaster's or higher53 (5.7)381 (40.9)249 (26.7)248 (26.6)0.530.540.510.530.270.290.290.300.740.810.780.820.280.230.240.250.810.890.880.890.320.220.210.230.460.470.440.440.240.210.210.238.027.177.336.425.414.414.884.1536.7434.9033.6532.2710.118.358.828.40

The resulting delay discounting curve of compliance is shown in Fig. [3](#Fig3){ref-type="fig"}. People considered interrupting isolation more acceptable if the measures would be prolonged according to the risk level. A hyperbolic-like curve describes the delay discounting for an hypothesized 10% risk of contracting COVID-19, while the curves flatten considerably at 50 and 90% risks.Fig. 3Delay discounting of self-reported compliance with containment measures for three levels of hypothetical risk of contracting COVID-19

Differences in the AUC of compliance, perceived risk, generalized anxiety, and intolerance of uncertainty between males and females were investigated using a Mann-Whitney U test. Females showed significantly higher scores of generalized anxiety (*Mdn*~*F*~ = 7, *Mdn*~*M*~ = 5), *U* = 67,474, *z* = −8.95, *p* \< 0.001, *r* = −0.29, intolerance of uncertainty (*Mdn*~*F*~ = 35, *Mdn*~*M*~ = 33), *U* = 87,355, *z* = −3.96, *p* \< 0.001, *r* = −0.13, and perceived risk (*Mdn*~*F*~ = 0.46, *Mdn*~*M*~ = 0.41) *U* = 85,310, *z* = −4.47, *p* \< 0.001, *r* = −0.15, than males. It worth noting that a mean difference of almost three points in the GAD-7 overall score between males and females is all but negligible from a clinical point of view and that the mean score of females (*M* = 8.1) is very close to the cutoff indicated for clinical relevance of anxiety symptoms (10). No significant differences were found in the AUC of compliance between genders. An independent-samples Kruskal-Wallis test was used to test differences across groups based on age, income per year, and education: the level of anxiety was significantly affected by the age group *H*(3) = 21.70, *p* \< 0.001, as well as the intolerance of uncertainty, *H*(3) = 22.59, *p* \< 0.001; the income per year was significantly associated with anxiety *H*(5) = 11.27, *p* = 0.046, and perceived risk over time, *H*(5) = 15.00, *p* = 0.01; finally, education significantly affected the level of intolerance of uncertainty, *H*(3) = 22.48, *p* \< 0.001, and the AUC of compliance with a 50% risk, *H*(3) = 13.16, *p* = 0.004.

The distribution of answers regarding the psychological needs is represented in Fig. [4](#Fig4){ref-type="fig"} for each age group and gender. It can be observed that younger people tend to report a higher need of closeness to the partner and friends. Also, females reported a slightly greater need of closeness to the partner than males. In general, the need to meet friends emerged as the most important among all the selected psychological needs.Fig. 4Reported importance of the five considered psychological needs among different age groups and genders

A correlation analysis was performed to explore any association between considered variables. Table [2](#Tab2){ref-type="table"} shows the correlation coefficients and the significance of each pair of variables. Here, we highlight the main findings: higher values of AUCs of compliance were significantly associated with higher values of perceived risk at 10, 50, and 90% hypothetical probability of contracting COVID-19, meaning that people who perceive a higher risk of infection tend to be more compliant with containment measures over time. Also, perceived risk was significantly related to generalized anxiety. Considering the relationship between compliance and specific needs, only sports significantly correlated with the compliance AUC at a hypothetical level of risk of 10% and 50%; people who consider outdoor sports very important tend to have steeper discounting rates of compliance over time.Table 2Spearman's correlation coefficients of the AUC of compliance at each level of risk, perceived risk over time, generalized anxiety (GAD-7), intolerance of uncertainty (IUS-12), and the five considered psychological needsAUC - 10% riskAUC - 50% riskAUC - 90% riskPerceived riskGAD-7IUS-12PartnerFriendsSportsJobRecreational activitiesAUC - 10% risk1**0.64\*\*\***\[0.60, 0.68\]**0.45\*\*\***\[0.39, 0.50\]**0.24\*\*\***\[0.18, 0.30\]0.03\[−0.03, 0.11\]0.03\[−0.04, 0.09\]−0.04\[−0.10, 0.02\]−0.01\[−0.08, 0.05\]**−0.08\***\[−0.14, −0.01\]**−0.01**\[−0.08, 0.05\]−0.02\[−0.09, 0.05\]AUC - 50% risk\< 0.0011**0.71\*\*\***\[0.67, 0.75\]**0.19\*\*\***\[0.12, 0.25\]−0.01\[−0.08, 0.05\]−0.01\[−0.08, 0.06\]−0.05\[−0.12, 0.01\]0\[−0.06, 0.07\]**−0.07\***\[−0.13, 0.00\]0\[−0.07, 0.07\]−0.01\[−0.08, 0.05\]AUC -- 90% risk\< 0.001\< 0.0011**0.10\*\***\[0.04, 0.16\]−0.02\[−0.08, 0.04\]0.01\[−0.06, 0.07\]−0.05\[−0.11, 0.01\]−0.05\[−0.11, 0.02\]−0.05\[−0.11, 0.01\]0.03\[−0.03, 0.09\]−0.01\[−0.08, 0.05\]Perceived risk\< 0.001\< 0.0010.0021**0.13\*\*\***\[0.07, 0.19\]**0.11\*\***\[0.04, 0.16\]−0.01\[−0.08, 0.05\]**0.07\***\[0.00, 0.14\]−0.03\[−0.10, 0.03\]0.02\[−0.04, 0.08\]**0.07\***\[0.00, 0.12\]GAD--7nsnsns\< 0.0011**0.45\*\*\***\[0.40, 0.50\]**0.10\*\***\[0.03, 0.16\]**0.14\*\*\***\[0.08, 0.20\]0.02\[−0.05, 0.08\]0.03\[−0.03, 0.09\]**0.09\*\***\[0.03, 0.15\]IUS--12nsnsns0.001\< 0.0011**0.08\***\[0.02, 0.14\]**0.10\*\***\[0.04, 0.16\]−0.03\[−0.09, 0.03\]0.02\[−0.05, 0.08\]−0.01\[−0.07, 0.05\]Partnernsnsnsns0.0020.0151**0.26\*\*\***\[0.19, 0.33\]**0.08**^**\***^\[0.02, 0.14\]**0.09**^**\*\***^\[0.02, 0.15\]0.05\[−0.02, 0.11\]Friendsnsnsns0.038\< 0.0010.002\< 0.0011**0.23**^**\*\***^\[0.17, 0.30\]**0.09**^**\*\***^\[0.02, 0.16\]**0.32**^**\*\***^\[0.26, 0.38\]Sports0.0180.044nsnsnsns0.015\< 0.0011**0.13**^**\*\***^\[0.06, 0.19\]**0.21**^**\*\***^\[0.14, 0.27\]Jobnsnsnsnsnsns0.0080.005\< 0.0011**0.15**^**\*\***^\[0.09, 0.22\]Recreational activitiesnsnsns0.0410.005nsns\< 0.001\< 0.001\< 0.0011Note: *ns* = not significant, \**p* \< 0.05, \*\**p* \< 0.01, \*\*\**p* \< 0.001. BCa bootstrap 95% CIs reported in brackets. Exact *p* values are reported in the bottom part of the table

Finally, several psychological needs were significantly correlated with generalized anxiety and intolerance of uncertainty: the needs to meet one\'s partner and to meet friends were related with generalized anxiety and intolerance of uncertainty scores; also the need to meet friends correlated with anxiety and intolerance of uncertainty; the need for recreational activities was related only with GAD-7. People reporting stronger psychological needs also tended to be more anxious and less tolerant of uncertainty during the lockdown.

Discussion {#Sec6}
==========

The aim of the present study was to explore the compliance of people to unprecedented containment measures established by the Italian government to tackle the rapid spread of COVID-19 across the country. It is plausible to hypothesize that in case of a prolongation of the measures, people will start to be less compliant, displaying what is called *delay discounting*, which in this particular context can be described as the tendency to prefer the satisfaction of immediate needs (e.g., going out and meeting people) in the presence of a higher risk to health compared to adhering to safety behaviours (e.g., social isolation) and delaying the gratification of needs (Brooks et al. [@CR9]). This situation is worsened by the high amount of uncertainty about the duration of the lockdown and the mental distress that social isolation and adaptation to big changes can cause.

Respondents to the survey showed a discounting pattern of compliance over time similar to those found in past studies (Lawless et al. [@CR21]), with a steeper discounting rate in case of a low likelihood of contracting COVID-19. While the observed discounting rates do not vary across different demographic groups, it has been shown how women seem to be more distressed than men, showing higher levels of anxiety and intolerance of uncertainty, like other studies have found (Barari et al. [@CR3]). However, it is not possible to establish whether this difference emerged as a consequence of the outbreak or was already present before. Also, males tended to believe that the risk of infection would decrease more rapidly compared to females.

As expected, perceived risk over time was positively associated with compliance over time. This implies that public health policy makers having an interest in promoting a high level of compliance among citizens could emphasize the risks of infection in public communications. However, enhancing the perception of risk among the population may have a psychological cost in terms of anxiety as these two dimensions also appeared to be correlated.

Despite the hypothesis that the urge to restart all the usual activities would affect the future trend of compliance, only outdoor sports was associated with a steeper delay discounting of compliance. However, other needs (friends and partner) presented a different relevance among age groups, potentially masking their effect on the overall reported trends of compliance. Moreover, the need to meet one\'s partner and friends has been shown to be associated with the severity of anxiety symptoms. These elements should be taken into account when a reduced risk of person-to-person spread of the disease will allow a progressive easing of restrictions to prioritize the satisfaction of those needs which might undermine compliance with social isolation anyway (e.g., doing outdoor sports) or cause mental distress (e.g., reuniting with one's partner and friends) compared with other less compelling needs (e.g., going to theaters and restaurants).

Further research is needed to highlight the causal relationships between the variables considered in this study and to promote strategies for improving compliance over time without exposing people to mental distress.
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